Abstract
Introduction
the manufacturer's instruction. Long PCR products (product sizes > 1000 bp) were 139 gel purified with QIAquick gel extraction kit (QIAGEN) and then cloned into 140 pCR2.1-TOPO plasmids (Invitrogen) for DNA sequencing. Multiple clones of a PCR 141 product were picked and sequenced by using BigDye Terminator v3.1 Cycle 142
Sequencing kit (Applied Biosystems). Sequencing products were analyzed by PRISM 143 3700 DNA analyzer (Applied Biosystems). 144
145
One astrovirus positive bat specimen, bat astrovirus AFCD337, was chosen for 146 sequencing of the viral genome directly from the original clinical specimen by using 147 cDNA generated by random hexamers and consensus primer RT-PCR. ORF2 region 148 and the 3' end of the virus sample were amplified using 3' Rapid Amplification of 149 cDNA Ends (RACE) System (Invitrogen) following the protocol provided by the 150 manufacturer (primers and PCR conditions available on request). ORF1a (partial) and 151
ORF1b sequences were assembled from multiple overlapping sequences derived from 152 PCR amplicons. Nine additional ORF1a (partial) / ORF1b astrovirus sequences from 153 other samples were obtained using similar method. The deduced sequence of these 154 samples has at least 3-fold sequence coverage. 155
156

Phylogenetic analysis 157
Sequence editing and sequence identities calculation were done using BioEdit version 158 7.0.4 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Alignments of nucleotide 159 sequences and amino acid sequences were done using Clustal W (29) with default 160 parameters. Phylogenetic trees were constructed using Clustal X V2. 0 (14) These same specimens had previously been tested for bat coronaviruses (3, 4, 25) . 202 and turkey astrovirus type-1 (TAstV-1) (11) ( Table 2 ). The findings show that the 235 identified bat astrovirus BatAstV AFCD337 is a novel mamastroviruses virus clearly 236 distinct from other known astroviruses. It has <53% and <27% genetic similarity to 237 other known astroviruses in the ORF1b and ORF2 regions, respectively. 238 includes the protease motif in ORF1a; an astrovirus "slippery sequence" (AAAAAC) 244 at the junction between ORF1a and ORF1b which is required for inducing a 245 ribosomal shift event; a RdRp motif in ORF1b; and a conserved sequence at the end 246 of ORF1b of astroviruses (11). A conserved stem-loop structure that is predicted at the 247 3' end of the genomic RNA of human, ovine, porcine and turkey astroviruses type-1 248 was not found in BatAstV AFCD337 (10) . 249 250 The putative ORF2 of the virus has a size of 2553 nt, which is the largest astrovirus 251 capsid gene known. The N-terminal half of the ORF2 protein, which was previously 252 shown to be more conserved among astroviruses and proposed to be the core 253 assembly domain of the viral capsid (12), was also found to be relatively conserved in 254 this bat astrovirus. The amino acid sequence similarities of this N-terminal half of the 255 bat astrovirus capsid protein to HAstV-1 Oxford, OAstV and MAstV are 36.3%, 256
A C C E P T E D
45.0% and 39.5% respectively; compared with <27% similarity for the ORF2 region 257 overall (Table 2) . Thus the C-terminal half of this bat astrovirus protein was highly 258 divergent when compared with other astroviruses. This observation supports the 259 speculation that the C-terminal half of the protein is located on the surface of the viral 260 particle and constitutes a region of the capsid that contributes to the species-specific 261 tropism of the virus (12). Occasionally the same virus strain can be found in multiple bats sampled at the same 293 habitat in a single sampling trip (i.e. strains AFCD74 and AFCD79; strains AFCD175 294 and AFCD228). However, most viruses detected even at the same sampling occasion 295 at a single habitat are genetically diverse and no dominant strain could be discerned, 296 even though the detection rates of the virus was remarkably high. 297
A C C E P T E D Discussion 298
We report the discovery of novel astroviruses in 7 out of 9 species of apparently 299 healthy bats captured in Hong Kong. These astrovirus positive species include 300 
Miniopterus magnater, Miniopterus pusillus, Miniopterus schreibersii, Myotis
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is well documented (13, 24, 27) . It has been reported that a stem-loop motif in 3' 348 untranslated region (UTR) was found conserved in mamastroviruses, TAstV-1, and in 349 avian infectious bronchitis virus which is a group 3 coronavirus (10). However, this 350 ORF1b (3' end) of representative astroviruses isolated from bat (BatAstV) human 502 (HAstV), mink (MAstV), ovine (OAstV) and turkey type-1 (TAstV-1). These 503 sequences were aligned based on the encoded amino acid sequences and reverse 504 translated back to nucleotides for the phylogenetic analysis. 505 
